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SUMMARY OF FISSION PRODUCT RELEASE FRCM ORR TESTS

This document summarizes the fission product release behavior from a series
of ORR tests. Its purpose is to present data as they presently exist with a
few comments regarding interpretation, for use in internal discussions re-
garding fission product release from the ACT type of fuel element. The
writer would welcome any discussion regarding details or interpretation.

The results from six ORR tests are summarized in the attached tables and
figures. The first test (ORC-1) used BF-116 tubes coated on both sides with
A1203 and the remaining tests used BF-116 tubes coated with ZrO, on the bore
only,

All of the CHR tests except ORC-3 have achieved a burnup that is in excess of
that expected in the ACT reactor;, 2.5 x 1019 fissions/cc. Tests ORC-3 and -4
were run in dry air instead of the normal wet air of 25°F D.P. Only tests
ORC-1 and -2 have achieved 1000 hrs,, ORC-5 achieved ~920 hours of irradiation,
the other tests were terminated at shorter periods due to limited operation of
the ORR reactor. ORC-6 is currently on test.

ORC-2

With the exception of ORC-1, all tests showed an increase in the iodine-131
release above 0.1% at some time during the test. ORC-2 has shown the greatest
iodine-131 release, reaching values of the order of 6% at the 1000 hr. period.
The increasing release values during the test were attributed to corrosion on
the backside as indicated by post irradiation examination. The increase in
the release seemed to rise at an accelerating rate vhich was not in agreement
with predictions. 3Some of the increase may have been due to higher operating
temperatures than the thermocouple indicated.

The Sr-89 release also increased steadily during the test which is unusual

even for tests run at higher temperatures. Backside corrosion however would
be responsible for such an increase,

ORG~3 and -4

These tests were run in dry air to eliminate the extraneous release of fission
products from backside corrosion. In ORC-3 the iodine-131 release remained
below 0.1% for 400 hours but the last two traps between 400-460 hours indicated
release values of 0.15 - 0.18%. The Sr-89 release also was below the normal
upper limit of 0.02% except for the last two traps. The trap data between

80 and 260 hrs. of testinf were not reliable since the trap system developed

a leak. In ORC-4 the 1131 release remained below 0.1% for over 400 hours of

testing but in the lagt two hundred hours showed releases which were between
9 values, as in ORC-3, remained below 0.02% throughout

0.1 and 0.3%. The Sr




the test except for two transient traps late in the test period. Comparison
of the total iodine-131 release values for ORC-2 and ORC-4 at 600 hrs. point
of testing shows that the release of iodine was higher in wet air by a factor
of three. Furthermore, the Sr-89 release in ORC-2 was higher than the release
in ORC-3 and -4 by a factor of five indicating that corrosion on the backside
contributed considerably to the high release values in ORC-2. The sudden rise
in release in ORC-3 and -4 late in the test period is puzzling. Such effects
as burn-up, corrosion, and diffusion would show only gradual increases in

the release with irradiation., Recently laboratory tests have indicated that
the thermocouples used in the CRR tests show a tendency to decalibrate. Also
flow measurements on MIR assemblies indicated that a larg® percentage (5-40)
of the total flow could pass through the backside channels of the assembly
possibly cooling the thermocouple below the true fuel element temperature.

As a result of these factors, two features were incorporated into subsequent
tests.

1) A wall temperature was calculated from a thermodynamic analysis of
the operating conditions during the test and was compared with
thermocouple readings.

2) The tube bundle was tightly wrapped and squeezed together by Thermoflex
insulation under the action of two ceramic shells to provide a minimum
of space for flow along backside channels.

Item (2) was incorporated in tests ORC-A and -5. Item (1) was carried out
during ORC-5.

ORC-5

In ORC-5 the iodine-131 release remained below 0.1% and Sr-89 ‘below 0.02%
in the first 80 hours of the test. A leak developed in the trap system de-
priving any further information until 390 hours of testing. During this
time the temperature calculated from thermodynamic data showed a steady rise
while the controlling thermocouple indicated no change.

At 450 hours the reactor was shut down for refueling. Approximately five
hours after start-up, the line activity rose sharply from arormal 4-6 r/hr.
to 20 r/hr or about 5 times higher than what was noted previously. The cal-
culated temperature during this interval was about 2900°F or near the BeO-
Y50, eutectic temperature where large release of fission products might be
expécted. Unfortunately no traps were operating at the time. The test
hereafter was controlled by thermocouple temperatures at the entrance end.
The calculated temperature and line activity were reduced sharply as a
result. Subsequent iodine-131 release values averaged 0.3% higher than the
normal average of 0.08%. Sr-89 release values were also higher by a factor
of two. It may be possible that some permanent damage to the fuel element such



as fuel loss occurred as a result of the temperai%{e excursion at 450 hrs.,
resulting in the net increase in both Sr and I values.

Since neither of these two isotopes increased gradually before or after the
temperature excursion, it is evident that the effects of backside corrosion
on release are sharply reduced below the values obtained in ORC-2 where
there was no attempt to minimize backside flow. Visual examination of
ORC-5 will determine further if this observation is valid.

ORC-6

Early results from test ORC-6 which is being run at 1VZOOOOF to determine
thermocouple integrity indicate that both iodine-131 and Sr-89 isotopes are
lower than the respective average values of 0.08% and 0.02% observed from-
tests at higher temperatures. If this condition remains over a significant
test period, average release estimated for the ACT (DCL 60-11-57) may

be somewhat conservative since a significant fraction (a50%4) of the fuel
elements will be below this 2000°F,

These series of tests indicate so far the following conclusions:

1) Temperature measurement with the present thermocouples is extremely
unreliable as evidenced by decalibration in laboratory experiments
and is the primary deterrent to making firm conclusions about
fission product release after extensive burn-up and heat treatment.

2) Aside from the temperature measurement problem there is indirect
evidence that fission product release from backside corrosion can
be drastically diminished by restrictingtackside flow.

3) Effect of burn-up at least to 2.5 x 1017 f/cc on fission product
release is negligible.
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